INTRODUCTION
Rhytidoponera sp. 12 ANIC is a large Australian ponerine ant which lacks a morphologically-differentiated queen caste. As is the case for many other Australian species in this genus, some of the workers mate and assume the egg-laying role. As has been inferred for species in the R. metallica complex (Haskins and Whelden, 1965) and observed for R. maniae (another large arid-zone species) and species in the R. impressa complex (Ward, 1981) , colonyfounding under this life-pattern is probably usually accomplished by fission ("hesmosis"), in which one colony divides into two. Unlike the situation where nest-founding follows a dispersive mating flight, colony fission is likely to lead to the new nest being located close to the parent one, leading to a population structure in which neighboring nests are genetically related. A large study of the apportionment of genetic variation in a population of R. sp. 12 (Crozier et al., 1984) found that neighboring nests are indeed more similar genetically than expected by chancemthey are related.
The finding (Crozier et al., 1984) Our study on intra-population genetic variation in R. sp 12 is a continuing one, the results for which will be reported elsewhere (Crozier et al., 1984, and in prep) . In this paper we report observations on colony maintenance and inter-nest interactions, made with the intention of furthering our understanding of the extent of the reproductive division of labor within colonies, and the degree of nest autonomy in natural populations. Rhytidoponera sp. 12 ANIC has also been referred to as R. mayri (Crozier et al., 1984) and as R. sp. B (Davidson and Morton, 1981) .
The acronym "ANIC" refers to provisional species recognised, but not yet named, by Dr. R. W. Taylor and held by the Australian National Insect Collection, maintained by the CSIRO Division of Entomology in Canberra (see Imai et al., 1977) .
METHODS AND RESULTS

Study site.
The population studied is in Conservation Paddock of the University New South Wales Arid Zone Research Station, north of Broken Hill, New South Wales, and is further described by Crozier et al. (1984) .
The dominant ant with respect to competitive interactions in the study site is lridomyrmex viridiaeneus, a colony of which is associated with a grove of Acacia victoriae in the center.
The observations reported here were made during September 17-28 and November [9] [10] [11] [12] [13] [14] [15] 1983 , although preliminary observations have been made over a number of years in connection with the relatedness studies.
Reproductive state
The ant nests are in hard clay soil and data from a number of excavations indicate that the lowest gallery reaches a depth of about m below ground level. We excavated two nests completely; one of these was a mature nest (excavated on November 15), in that it went down to the usual depth, whereas the other was an incipient colony (we observed it being established and it only achieved a depth of ca. 16 cm) excavated on September 21.
Ants were taken from the mature nest in two groups which were kept separate. The excavation took place during the middle of the day, with surface temperatures in excess of 45 C, so that no ants would have been expected to be absent foraging. We first extracted ants by "fishing" them from the nest entrance using straws. When no more ants could be obtained by this Table 2 ; it resembles that of the uninseminated ants collected by digging from the mature colony (Table  l) , although it should be remembered that these two nests were collected almost two months apart. We found no eggs or larvae in the incipient colony, although partial excavations of mature colonies at that time yielded small larvae.
Foraging interactions
The nests in the study area are overdispersed (Crozier et al., 1984) , suggesting that there is foraging competition (Levings and Traniello, 1981) . Given the relatedness between neighboring nests, and this a priori evidence for competition, investigation of various aspects of foraging behavior that pertain to these factors was carried out.
We studied the foraging characteristics of one nest (number 54 in our system) in both September and November. The vegetation in the study area, chiefly herbaceous, was considerably more abundant in September than in November, with plants of Tetragonia (Table 3 ) of these most-distant points of foraging trips differed significantly (X 9.59) between September and November, with the trip-distances in November being longer. This difference may be due to differences in the success rates of foraging trips: although we did not record successes and failures, it was readily apparent that a majority of trips in September resulted in collection of a food item, whereas most November trips ended with ants returning unladen. Most food items were brought back to the nest by individual workers, but very rarely large items such as large (ca. 5 cm long) crickets were retrieved by groups; the mechanism of recruitment is unknown but may involve short-range communication via the powerful stridulation mechanism these ants possess.
The extent of the overlap between the foraging areas of adjacent nests cannot be quantified in the absence of data, such as in Table 3 , collected for adjacent nests simultaneously, but it is clearly considerable, in that many ants walked beyond the edge of the figure described around their home nest by its neighbors (figure 1).
To determine the extent to which individual workers show fidelity in foraging direction over several trips we marked individual foragers from two nests (54 and 6) and subdivided the nest environs into eight equal-sized radial sectors. We recorded the sectors in which each marked individual foraged. The extent of fidelity can then be denote active nests, with numbers referring to those given in the relatedness study (Crozier et al., 1984) . foragers) for nest 54. For both nests we calculated the expected mean sector-difference according to random expectation using the actually-observed distribution of trips between sectors (because some sectors were visited more than others). In both cases, the mean sector-difference observed was significantly less, at the 95% level, than that under random expectation. These findings indicate shortterm foraging-direction fidelity, but we do not know how long this fidelity persists, or if it occurs at other times of the year, nor whether the success or failure of a foraging trip influences the sector chosen subsequently.
We observed several instances in which foraging ants from different nests encountered each other in the field. In each case they reacted with apparent alarm or hostility to such ants, but not to nestmates. Foragers from different nests often ran away from each other, but on occasion fought, using their mandibles and stings.
Seized ants stridulated. When such encounters occurred close to one or other nest, the ant from that nest was sometimes joined by a nest-mate. In that case, the two ants sometimes dragged the third further away before releasing it, but at other times dragged it into the nest. Ants dragged into an alien nest are not necessarily killed: we observed that one ant (not necessarily alien) was dragged out of one nest and released 2 rn away.
Inter-nest movements.
We observed ants moving between nest sites in three sections of the study area. Two of these instances involved the establishment of a new nest, one of which was dug up and the ants dissected, as reported above; the third involved movement between old, inhabited nests. In each case, many ants were carried between nests by others; such ants moved in pairs, one carrying the other over its head, grasped by the mandibles. We concentrated our observations on the case involving the movement between long-established nests.
To speed our subsequent discussion, and following established practice, we will term this phenomenon "carrying", and distinguish the ant carrying the other as the "carrier", and the ant being transported as the "recruit". Such carrying has been described for other Rhytidoponera species (M6glich and H611dobler, 1974; Ward, 1981 Carrying took place at times of high activity of ants outside the nests (i.e., during foraging sessions). These times, during our observation periods, were in the morning and late afternoon. At times, carrying beearne an activity rivaling foraging, with many ants emerging from nest 60 and heading towards the neighboring nests. These carriers mostly brought ants back from the other nests; seldom did they take ants to them.
Marking of carriers and riders showed that these two categories Table 4 . Mark-recapture observations on nests 57, 59 and 60. Ants were marked with paint dots according to whether they were found in nest 57 (O orange), 59 (W white), or 60 (G green). At the end of the September observation period, as many ants as possible were captured from each nest, and the colors of the marked ants noted before all ants were returned to the nests they were last captured in. The decline in the number of marked ants in November is mostly due to loss of the marks rather than to mortality. The numbers in the Table 6 is 72.5; whereas the value for the 5% level of a one-tailed test is 73, and for the 10% level it is 68).
Hostility tests.
Although ants from different nests often fight when they meet as foragers, the carrying phenomenon indicates that there must be considerable variation in the degree of hostility depending on the nests involved. We attempted to quantify the degree of hostility between different nests by moving ants between them.
Trials in previous years using mutton baits had been highly successful in moving ants between nests with minimal disturbance. This method, however, proved hard to quantify and had to be aban- (Crozier et al., 1984) would suggest that the average number of egglayers per nest yielding workers would be 5.8 (with 95% confidence limits 4.6-7.9), according to the formulas of Pamilo and Varvio-Aho (1979) and under the assumptions that these egg-layers are as closely related as workers on average, that they mate once and to unrelated males, and that they contribute equally to the next generation. The figure of 22 we observed requires confirmation by further excavations but, if confirmed as typical, would indicate that one or more of these assumptions are violated. If 22 mated workers did contribute to the next generation under these assumptions, then the mean relatedness level would be below 0.05.
Data are also available for Rhytidoponera species with lifepatterns differing to that of sp. 12 with regard to the observed proportions of mated workers. Haskins and Whelden (1965) found 5.4% of the workers to be inseminated in R. metallica and 2.3% in R. inornata, both species that habitually lack differentiated queens in their colonies, but in which winged queens do occasionally occur.
Ward (e.g., 1981, 1983) found that species in the impressa group have colonies of two kinds: those with a single differentiated queen each, and those lacking such queens but in which the reproductive role is taken over by some mated workers, as in sp. 12. Figures reported by Ward (1983) for 33 colonies of the latter type in confusa and chalybaea yield an estimate of 3.7% of the workers being inseminated. While the various Rhytidoponera species may differ in the percentages of workers per colony that are inseminated, little can be inferred from the figures so far, because it is likely that the percentage varies with age and size of colonies, and with the time of the year collections are made, and these data are imperfectly recorded in the literature.
The occurrence of oocytes in the ovarioles of most ants, mated or not, is striking. Whelden (1957) mentions that many workers in violacea have oocytes, and that the occurrence of oocytes is not linked to that of sperm in the spermatheca, but he gives no figures. Ward (1983) found much smaller percentages of unmated workers to have oocytes in impressa-group colonies. We suggest that the eggs of uninseminated workers are probably trophic eggs, eggs laid only to be eaten. Nutrient transfer by this means is common in the Psyche [Vol. 92 colonies of ants and other social Hymenoptera, and has its precursors in presocial insects (Wilson, 1971" 279-281 ). However, the oocytes of unmated sp. 12 workers did not appear different morphologically to those of inseminated individuals, whereas in some ant species at least trophic eggs differ in size, consistency, or both, from reproductive eggs (Wilson, 1971" 279-281) .
The life pattern of Rhytidoponera species such as sp. 12 and violacea, in which the differentiated queens regarded as normal among ants are replaced by mated workers, is paralleled in many other ants. Wheeler and Chapman (1922) provided the first such observation, for the ponerine Diacamma rugosum, Haskins and Zahl (1971) showed that another ponerine, Dinoponera grandis is very similar, and a further ponerine, Ophthalmopone berthoudi, has recently been examined intensively (Peeters, 1982; Peeters and Crewe, 1984) . Whereas the ponerine workers all resemble each other closely, those of another ant with mated workers, the myrmicine Harpagoxenus sublaevis, vary in size and thoracic development, and only about 4% of them possess a spermatheca: the mated workers form a majority of this 4% (Buschinger and Winter 1975, 1978) . True queens also occur in H. sublaevis; whether a female larva has the capacity to develop as a queen or as a worker is determined genetically (Buscliinger 1978) . Workers lack spermathecae in Harpagoxenus canadensis and in H. americanus (Buschinger and Alloway 1977, 1978) , preventing the evolutionary replacement of true queens by mated workers in these species; in all three species unmated workers may also oviposit. A major difference between the ponerine mated worker system and that of H. sublaevis is that H. sublaevis colonies possess only one mated egg-layer each, whether a worker or a true queen, whereas the ponerines can have many such individuals per colony. The polymorphism of mated egg-layers in Rhytidoponera species such as metallica and confusa, and in Harpagoxenus sublaevis, and the apparent morphological identity of all workers, mated or not, in the ponerines, indicates that the mated workers are fundamentally different in evolutionary origin and present-day caste-determination dynamics to the ergatoid queens of genera such as Myrmecia and Dorylus, with ergatoids differing morphologically from workers in the direction of true queens and representing intergrades. Wilson's (1971" 138-139) (1978:248-251) : workers diffuse out from the nest and mostly act individually, but are capable of at least short-range recruitment when difficult food items are located. Concerted defense of territory is lacking, although a kind of "defense in depth" operates: the further workers penetrate into the foraging areas of neighboring colonies, the more likely they are to encounter workers from these colonies and undergo potentially-deadly combat. However the density of ants is not high enough to make such contact invariable, and this is reflected in the fact that many foraging trips approach or exceed the line subtended by neighboring nests. Nevertheless, we would expect that workers would tend to avoid areas heavily patrolled by hostile ants, although the data are not numerous enough to test this hypothesis.
The finding that foragers tend to choose the same direction in repeated trips is consistent with our expectation that the worker force would tend to avoid areas patrolled particularly heavily by those of neighboring nests, in that such a capacity for recollection is needed for the avoidance mechanism to operate. Foraging direction fidelity of the same kind as in R. sp. 12 has also been demonstrated rinoda tandem running is the chief method used.
The extensive "carrying" between nests indicates that, although considerable hostility can be demonstrated both between foraging workers and by our "hostility tests", such internest hostility is not invariable. We are uncertain at present whether certain groups of nests are linked as multinest colonies, or whether the situation might not be more complex. It is possible, for example, that the fundamental selection unit above that of the individual in populations such as that of the observed R. sp. 12 and of some Formica species (Scherba 1964) is not the nest but the matriline or sibship. Nests would contain cooperating matrilines, and carrying may represent attempts to maintain nests at adequate strength via the antnapping of outsiders. The rather confused nature of carrying, with workers making trips in several different directions, is consistent with the matriline-selection hypothesis, but is also observed in some other ants during nest-moving when scouts "choose" different destinations (Mtiglich and HtJlldobler 1975; Rosengren and Pamilo 1983) , and such multi-directional carrying can be likened to a voting system for choosing the best nest-site (Rosengren, 1971" 21; Wilson, 1971' 224) .
The observation of ants marked in the 57-59-60 system in nest 61 in November, whereas ants from nest 61 had been uniformly hostile to such ants in September, is not, however, consistent with the hypothesis of a multinest colony. That moving in R. sp. 12 rests on the pronota of elite movers is consistent with observations from other ants (Mglich 1978; Mtiglich and Htilldobler 1974, 1975) , as is the observation of reduced ovarian activity in these mover workers (M6glich and HtJlldobler 1975 
